Changes in milk proteins effected by bacterial action are important in various aspects of the ripening of cheese and the proteolytic spoilage of dairy products in refrigerated storage. Paper electrophoresis has afforded a new method for the study of protein systems such as those in milk (MacRae and Baker, 1958; and Weigt, 1959) , including the detection of certain changes occurring in such systems. This method has been used to study changes in casein during the ripeninlg of various cheeses (Lindquist et al., 1953; and Storgards and Lind(quist, 1953) and changes in the whey protein of milk from cows with acute mastitis (Lecce and Legates, 1959) . A discussion of the general application of the method to dairy science is available (Holdsworth, 1956a and 1956b Sample examinations. The trial samples of skim milk were examined on the day of inoculation and at 1.4-day intervals thereafter throughout the storage period. The examinations included enumeration of bacterial populations, organoleptic evaluation, and electrophoretic separation of the casein and whey protein fractions. All examinations were made on subsamples aseptically transferred from the trial samples to suitable, sterile glass containers.
Bacterial counts. Both total and psychrophilic counts were made according to recommended procedures (American Public Health Association, 1953) except that a gelatin-phosphate dilution medium of Naylor and Smith (1946) was substituted for the phosphate buffer normally used. All plating was done with milk-protein hydrolyzate (M-PH) agar. Total count plates were incubated 48 ± 3 hr at 32 C, and psychrophilic count plates were incubated 7 days at 5 C.
Organoleptic evaluations. The organoleptic evaluations were made by an experienced judge of dairy products. The flavor of the sample was criticized with no attempt being made to assign a numerical score.
Electrophoretic separation. The proteins were obtained for electrophoretic separation by precipitating the casein at pH 4.6 with the dropwise addition of 42.5 per cent lactic acid to 200 ml of milk under vigorous agitation. The precipitate and whey were separated by a 30-min centrifugation followed by decantation of the whey. The centrifugations were made at 2500 rpm using 250-ml bottles on a head 7 in. in diameter. The recovered precipitate was washed twice by resuspension in 50 ml of distilled water at 5 to 10 C, followed by vacuum filtration through Whatman No. 1 paper.
The washed casein was resuspended in a minimum (uantity of distilled water, then freeze-dried and pulverized by mortar and pestle. This treatment yielded a fine, white powder containing approximately 14 per cent nitrogen. The decanted whey was passed through a Seitz filtei. A 150-ml quantity was then placed in a cellophane dialyzer bag and dialyzed 44 hr at 4 to 6 C against 6 L of distilled water which was refreshed three times at 12-hr intervals. A 100-ml quantity of the dialyzed whev was freeze-dried to (Larson and Rolleri, 1955; Lecce and Legates, 1959; MacRae and Baker, 1958; and Weigt, 1959) A cooked flavor prevailed in the control samples throughout the storage period. All inoculated samples developed a bitter flavor during the storage period. The bitterness varied in intensity and in the time required for its development. With P. fragi and P.
fluorescens bitterness was easily detected on the 28th day of storage. Extreme bitterness was produced by P. putrefaciens by the 14th day of storage. All inoculated samples were extremely bitter when examined on the last day of storage. Bitterness was the only off-flavor detected with P. putrefaciens. However, with P. fragi a rancid and/or fruity flavor preceded the development of bitterness. Only a fruity flavor preceded the development of bitterness with P. fluorescens. Along with the development of bitterness, protein flocculation had occurred by the end of the storage period in samples inoculated with P. putrefaciens.
Paper electrophoretic separation of the casein and whey proteins into their constituent fractions showed that during the storage period both protein patterns from the inoculated samples were altered from those of Atypical fractions appeared in the patterns of whey proteins (figure 2) from milk inoculated with P. fragi and P. putrefaciens. The atypical fraction, which migrated toward the cathode (designated as fraction A in figure 2), was evident with P. fragi on the 42nd day of storage. The atypical fraction with P. putrefaciens migrated toward the anode (designated as fraction B in figure 2) , and was present on the 14th, 28th and 42nd days of storage. The appearance of these atypical fractions does not justify the assumption that they resulted solely from bacterial action. The appearance of a fraction located in the relative position of atypical fraction B observed in this study has been reported previously (Larson and Rolleri, 1955; and Lecce and Legates, 1959) . The opposing electrophoretic migration tendencies of the two atypical fractions observed indicate that they are of widely different composition. Proteins or peptides composed primarily of basic amino acids would be expected to migrate toward the cathode while those composed primarily of acidic amino acids would be expected to migrate toward the anode (Storgards and Lindquist, 1953) .
The sharp peak representing fraction 1 in the casein patterns (figure 1) from the inoculated samples is similar to that obtained by other workers in a study of the ripening process of various cheeses (Lindquist et al., 1953) . This peak appears only at the point of sample application and its presence seems to be directly related to bacterial action on the casein. Apparently the bacterial action causes a greater amount of the protein in the sample to be adsorbed or bound to the paper strip at the point of application. This is evident on the strips shown in figure 1 .
The most rapid changes in the protein patterns were effected by P. putrefaciens. With this culture the casein pattern obtained after 14 days of storage apparently was no different from that obtained after 42 days, indicating relatively rapid degradation of casein by that organism. The pattern for the wtiey proteins was altered less rapidly but continued to show change oni the 28th anld 42nd days of storage.
The degradationi of specific fractions in a protein system implies a reduction in the total protein of the system. A reduction in the amount of total protein was not always indicated by the method used in this study because all samples were standardized at 1 per cent protein nitrogein content before the constituent fractions were electrophoretically separated. However, with P. putrefaciens a reduction in total amount of whey proteins was indicated despite sample standardi- 
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zation. This is shown in figure 2 by the difference in the total area enclosed within the characteristic curve of the whey proteins from normal (control) milk and that inoculated with P. putrefaciens. One explanation for this may be that not all the nitrogen recovered in freeze-dried whey from milk inoculated with P. putrefaciens represented protein with the dye-binding capacity necessary for paper electrophoretic analysis. This would be particularly true if the protein degradation had proceeded to the amino acid stage. SUMMARY Samples of high quality pasteurized skim milk were inoculated with pure cultures of Pseudomonas fragi, Pseudomonas fluorescens, and Pseudomonas putrefaciens and stored 42 days at 3 to 5 C. On the day inoculated and at 14-day intervals thereafter the samples were examined for total bacterial count, psychrophilic bacterial count, organoleptic quality, and changes in the paper electrophoretic pattern of casein and whey proteins. The bacterial counts increased throughout the storage period. With P. fragi and P. putrefaciens the psychrophilic count always exceeded the total count, whereas with P. fluorescens the reverse held true. Each of the cultures produced a bitter flavor by the end of the storage period. Changes occurring in the paper electrophoretic protein patterns indicated: (a) changes in the relative amounts of the contained protein fractions, (b) decreases in total protein content, and (c) the appearance of electrophoretically different fractions.
